Virulence potential of Metarhizium anisopliae s.l. isolates on Rhipicephalus (Boophilus) microplus larvae  by Quinelato, Simone et al.
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a  b  s  t  r  a  c  t
The  use  of entomopathogenic  fungi  to  control  arthropods  has  been  reported  worldwide  for
decades. The  aim  of the  present  study  was  to  evaluate  the  virulence  of  30 Metarhizium  aniso-
pliae s.l.  Brazilian  isolates  from  different  geographical  regions,  hosts  or substrates  on  the
larvae of  Rhipicephalus  (Boophilus)  microplus  ticks  under  in  vitro  conditions  to the selection
of virulent  isolates  in order  to  be further  used  in biological  control  programs.  The  current
study  conﬁrmed  the  lethal  action  of  M.  anisopliae  s.l.  isolates  on  R. (B.)  microplus  larvae
with  different  mortality  levels,  usually  directly  proportional  to the  conidia  concentration.
No  relationship  was  found  between  the  origin  of  the  isolate  and its  virulence  potential  orick between the  virulence  potential  and  conidia  production.  Three  isolates  (CG  37,  CG  384 and
IBCB 481)  caused  a  high  percentage  of  larval  mortality,  reaching  LC50 at 106 conidia  ml−1,
thus requiring  a lower  conidia  concentration  to  cause  an  approximately  100%  larval  mor-
tality.  The  results  of  this  study  suggest  that  these  three  isolates  are  the most  promising  for
use in programs  aimed  at microbial  control  in  the ﬁeld.. Introduction
Rhipicephalus (Boophilus) microplus (Canestrini, 1888)
Acari: Ixodida) (Murrel and Barker, 2003), known as
he  cattle tick, is the main blood-sucking ectoparasite of
ovines  in several Brazilian regions, as well as in other
ountries worldwide. This tick is responsible for extensive
conomic losses due to constraints on livestock produc-
ion, pathogen transmission and spending on acaricides
Andreotti, 2010). The current practices used to control
his  ectoparasite are based on the use of chemical acari-
ides, but the development of chemical resistance in R. (B.)
icroplus  populations and the increasing demand for food
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free of chemicals, associated with public concerns about
the  environmental impact of such chemicals, are driving
the  development of alternative control strategies to mini-
mize  these effects (Kay and Kemp, 1994).
The use of entomopathogenic fungi to control arthro-
pods has been reported in several scientiﬁc studies (Samish
et  al., 2004; Willadsen, 2006; Sosa-Gómez et al., 2010).
Fungal pathogenicity has also been veriﬁed in many
species of ticks, such as R. (B.) microplus, Rhipicephalus
sanguineus, Rhipicephalus appendiculatus, Anocentor nit-
tens,  Ixodes scapularis, Amblyomma cajennense, Amblyomma
variegatum, Amblyomma maculatum and Amblyomma amer-
icanum  (Bittencourt et al., 1994, 1996, 1997; Kaaya et al.,
1996;  Souza et al., 1999; Benjamin et al., 2002; Monteiro
Open access under the Elsevier OA license.et  al., 2003; Hornbostel et al., 2004; Kirkland et al., 2004;
Lopes et al., 2007; Leemon and Jonsson, 2008). The poten-
tial  of entomopathogenic fungi as tick-control agents is due
to  several factors, namely their ability to target different
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Table 1
Isolates of Metarhizium anisopliae s.l. used in this study.
Isolatea Host/Substrate Origin Latitude
CG 32 Mahanarva posticata (Homoptera: Cercopidae) Bahia, BR 12◦58′16′′S
CG  37 Soil Paranã, Tocantins, BR 12◦36′55′′S
CG  46 Deois incompleta (Homoptera: Cercopidae) Espírito Santo, BR 20◦19′09′′S
CG  49 Deois ﬂavopicta (Homoptera: Cercopidae) Planaltina, Distrito Federal, BR 15◦37′0′′S
CG  87 Mahanarva posticata (Homoptera: Cercopidae) Flexeiras, Alagoas, BR 9◦11′51′′S
CG  112 Deois ﬂavopicta (Homoptera: Cercopidae) Planaltina, Distrito Federal, BR 15◦37′0′′S
IBCB  116 Soil Contagem, Minas Gerais, BR 19◦54′55′′S
CG  148 Deois ﬂavopicta (Homoptera: Cercopidae) Goiânia, Goiais, BR 15◦34′04′′S
CG  153 Deois incompleta (Homoptera: Cercopidae) Altamira, Pará, BR 3◦12′12′′S
IBCB  156 Soil Cascavel, Paraná, BR 24◦57′21′′S
IBCB  167 Tibraca limbativentris (Hemiptera: Pentatomidae) Goiânia, Goiás, BR 15◦34′04′′S
CG  191 Soil Pelotas, Rio Grande do Sul, BR 31◦46′19′′S
CG  312 Soil Marilândia do Sul, Paraná, BR 23◦44′41′′S
CG  344 Soil Mauá da Serra, Paraná, BR 23◦54′05′′S
CG  347 Soil Minac¸ ú, Goiás, BR 13◦31′59′′S
IBCB  353 Mahanarva ﬁmbriolata (Homoptera: Cercopidae) Valparaíso, São Paulo, BR 21◦13′40′′S
CG  371 Soil Mauá da Serra, Paraná, BR 23◦54′05′′S
IBCB  383 Mahanarva ﬁmbriolata (Homoptera: Cercopidae) Água Branca/São Paulo, BR 23◦32′51′′S
IBCB  384 Mahanarva ﬁmbriolata (Homoptera: Cercopidae) Sertãozinho, São Paulo, BR 21◦08′16′′S
IBCB  410 Lepitoptera Petar-Iporanga, São Paulo, BR 24◦35′08′′S
CG  420 Hymenoptera João Pessoa, Paraíba, BR 7◦06′54′′S
IBCB  481 Soil Campinas, São Paulo, BR 22◦54′20′′S
CG  489 Soil Campinas, São Paulo, BR 22◦54′20′′S
CG  578 Zulia entreriana (Homoptera: Cercopidae) Fátima, Tocantins, BR 10◦45′34′′S
CG  579 Zulia entreriana (Homoptera: Cercopidae) Figueirópolis, Tocantins, BR 12◦07′51′′S
CG  580 Zulia entreriana (Homoptera: Cercopidae) Araguanã, Tocantins, BR 6◦34′52′′S
CG  626 Mahanarva posticata (Homoptera: Cercopidae) Rio Largo, Alagoas, BR 9◦28′42′′S
CG  627 Mahanarva posticata (Homoptera: Cercopidae) Murici, Alagoas, BR 9◦18′24′′S
CG  628 Mahanarva posticata (Homoptera: Cercopidae) Porto Calvo, Alagoas, BR 9◦02′42′′S
CG629  Mahanarva posticata (Homoptera: Cercopidae) Marechal Deodoro, Alagoas, BR 9◦42′37′′S
 (Brazili
o.a Fungal Culture collections. CG: isolates obtained from the EMBRAPA
Biotechnology.  IBCB: isolates obtained from Biologic Institute of São Paul
developmental stages of the host, relatively speciﬁc viru-
lence,  genetic variability, ability to penetrate through the
cuticle  and beneﬁt of residual action. These characteris-
tics support these fungi as promising agents in microbial
control (Alves, 1998; Samish et al., 2004).
Beauveria (Balsamo) Vuillemin, 1912 (Ascomycota:
Hypocreales), and Metarhizium (Metschnikoff) Sorokin,
1883 (Ascomycota: Hypocreales), are the main genera
of  the fungi used for the biological control of pests.
Beauveria bassiana senso latu (s.l.) and Metarhizium aniso-
pliae  s.l. are the most important species within these
genera, and they have been the target of many stud-
ies (Zimmermann, 2007a,b; Leemon and Jonsson, 2008;
Schrank and Vainstein, 2010; Sun et al., 2011). Some of
these  studies aimed to indicate isolates as efﬁcient inunda-
tive  control agents (Ángel-Sahagún et al., 2010; Kaaya
et  al., 2011), but few studies have been conducted with
isolates from South America, particularly from Brazil. In
these  regions, both dairy and beef cattle are extremely
important, mainly due to meat exportation (Buainain
and Batalha, 2007; Chabaribery, 2003), which can be
impaired by R. (B.) microplus parasitism, causing economic
losses.
In  recent years, the number of studies and efforts in
technological development regarding the development of
control  agents has signiﬁcantly increased, and, accordingly,
a  considerable number of fungal mycopesticides have been
developed  worldwide to control ticks and insects (Faria and
Wraight,  2007). The safety of Metarhizium was reported byan Agriculture and Livestock Research Company) Genetic Resources and
Zimmermann (2007b), who found that its ﬁeld use would
present  minimal risks to the local fauna and ﬂora.
The aim of the present research was to evaluate the viru-
lence  of 30 M. anisopliae s.l. Brazilian isolates from different
geographical regions, hosts or substrates on the larvae of R.
(B.)  microplus, enabling the selection of virulent isolates for
use  in programs of microbial control.
2. Materials and methods
2.1.  Experiment localization and bioassay period
The experiment was  developed at the Station of
Parasitological Researches W.O. Neitz (SPRWON) of the
Department of Animal Parasitology, Veterinary Insti-
tute, Universidade Federal Rural do Rio de Janeiro,
Brazil. The bioassays were performed from April to July
2011.
2.2.  Rhipicephalus (Boophilus) microplus larvae
attainment
Engorged R. (B.) microplus females were collected from
naturally infested bovines, located at SPRWON, without
recent contact with chemical acaricides. The engorged
females were collected from the stall ﬂoor and washed
in  a 1% sodium hypochlorite solution for cuticle asepsis.
Then, they were rinsed in sterile distilled water and dried
with  sterile paper towels. R. (B.) microplus females were
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Table  2
Mean mortality of Rhipicephalus (Boophilus) microplus larvae treated with Metarhizium anisopliae s.l. isolates at day 10 after treatment.a
Isolates Control Conidia concentration (ml−1)
105 106 107 108
CG 32 0.0 ± 0.0a 0.3 ± 0.5a 0.1 ± 0.4a 1.8 ± 3.4a 9.4 ± 5.0b
CG  37b 0.0 ± 0.0a 0.4 ± 0.5a 0.4 ± 0.5a,b 1.8 ± 1.7b,c 2.0 ± 1.4c
CG  46 0.0 ± 0.0a 0.3 ± 0.7a 0.6 ± 0.7ab 1.1 ± 0.6b,c 5.3 ± 3.4c
CG  49 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.9 ± 1.7a,b 1.0 ± 0.8b
CG  87 0.0 ± 0.0a 0.3 ±  0.5a 1.0 ±  1.4b,c 1.5 ±  1.2 c,d 3.0 ±  1.8d
CG  112 0.0 ± 0.0a 0.0 ±  0.0a 0.5 ±  0.8a 1.5 ±  0.8b 0.6 ± 1.1a
IBCB  116 0.0 ± 0.0a 0.3 ± 0.7a 0.0 ± 0.0a 0.0 ± 0.0a 0.9 ± 0.6b
CG  148 0.0 ± 0.0a 0.4 ± 0.7a 0.4 ± 0.5a,b 2.9 ± 2.0c 0.9 ± 0.8b,c
CG  153 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 1.1 ± 1.1b 0.9 ± 0.8b
CG  156 0.0 ± 0.0a 0.4 ± 0.5a 0.6 ± 0.9a,b 2.0 ± 1.9bc 3.3 ± 1.7c
IBCB  167 0.0 ± 0.0a 0.0 ± 0.0a 0.4 ± 0.5a 1.4 ± 1.3a 0.1 ± 0.4a
CG  191 0.0 ± 0.0a 0.3 ± 0.7a 0.3 ± 0.5a 12.3 ± 9.5b 1.4 ± 0.5b
CG  312 0.0 ± 0.0a 0.0 ± 0.0a 0.4 ± 0.5a,b 0.9 ± 0.4b 0.8 ± 0.5b
CG  344 0.0 ± 0.0a 0.0 ±  0.0a 0.3 ±  0.5a 3.8 ±  4.0b 0.3 ±  0.5a
CG  347 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 1.3 ± 0.9b 0.4 ± 0.5a,b
IBCB  353 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 2.5 ± 3.1b 0.9 ± 0.8b
CG  371 0.0 ± 0.0a 0.1 ± 0.4a 0.3 ± 0.5a 2.9 ± 1.5b 0.6 ± 0.5a
IBCB  383 0.0 ± 0.0a 0.0 ± 0.0a 1.0 ± 1.2 c,d 2.1 ± 1.9 c 0.4 ± 0.5b,d
CG  384b 0.0 ± 0.0a 0.3 ± 0.5a 1.3 ± 0.5b 3.1 ± 1.9b 1.5 ± 0.5b
IBCB  410 0.0 ± 0.0a 0.1 ± 0.4a 0.0 ± 0.0a 0.6 ± 1.3a 2.4 ± 1.3b
CG  420 0.0 ± 0.0a 0.0 ±  0.0a 0.6 ±  0.7ab 1.9 ± 2.2b 1.4 ± 1.1b
IBCB  481b 0.0 ± 0.0a 0.0 ± 0.0a 0.5 ± 1.1a 3.1 ± 1.7b 5.5 ± 3.1b
CG  489 0.0 ± 0.0a 0.0 ± 0.0a 0.1 ± 0.4a 0.6 ± 0.9a 0.4 ± 0.5a
CG  578 0.0 ± 0.0a 0.3 ± 0.5a 1.3 ± 0.9b 4.4 ± 3.2b 1.4 ± 0.5b
CG  579 0.0 ± 0.0a 0.0 ± 0.0a 1.0 ± 1.8a 3.9 ± 3.1b 10.9 ± 8.3b
CG  580 0.0 ± 0.0a 0.0 ± 0.0a 1.1 ± 1.6b 2.3 ± 1.4b 0.8 ± 0.5b
CG  626 0.0 ± 0.0a 0.1 ± 0.4a 0.3 ± 0.5a 3.9 ± 3.1b 2.5 ± 3.4b
CG  627 0.0 ± 0.0a 0.0 ± 0.0a 0.3 ± 0.5a 0.6 ± 1.2a 0.9 ± 0.5a
CG  628 0.0 ± 0.0a 0.0 ± 0.0a 0.4 ± 0.5a 0.5 ± 1.1a 0.5 ± 0.5a
CG629 0.0 ± 0.0a 0.0 ± 0.0a 0.1 ± 0.4a 0.5 ± 0.8a 0.1 ± 0.4a
a The bioassay was  conducted under controlled conditions (27 ◦C ± 1 ◦C and RH ≥ 80%) twice, using new conidial preparations each time. Means with the
same  letter in the same row do not differ signiﬁcantly at P > 0.05 (Kruskal–Wallis test followed by SNK test).
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aintained in Petri plates and incubated at 27 ◦C and
t  a relative humidity (RH) ≥ 80% for oviposition. Egg
liquots of 50 mg  (approximately 1000 eggs) were placed
n  test tubes sealed with cotton plugs. The eggs laid
p until the tenth day of oviposition were used in
he bioassay. The tubes with a hatching percentage of
ess  than 95% were discarded. The larvae treatment was
erformed on the 15th day after total larval hatch-
ng.
.3. Fungal isolates
Thirty  lyophilized isolates of M.  anisopliae s.l. from dif-
erent  Brazilian geographical areas were obtained from the
MBRAPA  (Brazilian Agriculture and Livestock Research
ompany) Genetic Resources and Biotechnology and from
he  Biologic Institute of São Paulo in 2008. The iso-
ates were hydrated in 1 ml  of sterile distilled water, and
 0.2-ml aliquot was inoculated onto 20 ml  of potato
extrose agar medium (PDA) (Merck®) in polystyrene
etri plates (95 × 15 mm)  (Fisherbrand®). The plates were
aintained at 25 ± 1 ◦C and RH ≥ 80% for 14 days. The iso-
ate  identiﬁcation, their geographic origins and hosts or
ubstrates from which they were isolated are listed in
able  1. R. (B.) microplus.
2.4.  Fungal suspensions
After  being grown, conidia were harvested from
culture plates by scraping the medium surface with
a  scalpel blade. Harvested conidia were suspended in
30  ml  of polyoxyethylene sorbitan monooleate (Tween
80®, Sigma Chemical Co., St. Louis, MO,  USA) solution
(0.1%, v/v) (Luz et al., 1998). The conidial suspension
was  homogenized for 1 min  using a vortex mixer. The
conidial suspensions were quantiﬁed in a hemocytome-
ter and adjusted to 1.2 × 108 conidia ml−1 according
to Alves (1998). Suspensions of 1.2 × 107, 1.2 × 106
and 1.2 × 105 conidia ml−1 were prepared by serial
dilutions.
2.5. Conidia germination
Conidia  viability was determined by plating 100 l
of  conidial suspensions on PDA and incubating
them at 25 ± 1 ◦C and at an RH ≥ 80%. Germination
was observed after 24 h through direct observation
using an optical microscope, and the calcula-
tion of viability was performed according to Alves
(1998).
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Table 3
Mean  mortality of Rhipicephalus (Boophilus) microplus larvae treated with Metarhizium anisopliae s.l. isolates at day 20 after treatment.a
Isolates Control Conidia concentration (ml−1)
105 106 107 108
CG 32 0.0 ± 0.0a 3.5 ± 3.4a,b 5.8 ± 3.6b,c 42.9 ± 45.5c,d 99.9 ± 0.4d
CG  37b 0.0 ± 0.0a 2.0 ± 1.4a,b 13.9 ± 23.0b,c 83.6 ± 29.3d 69.9 ± 20.5c,d
CG  46 0.0 ± 0.0a 3.6 ± 3.0a,b 4.8 ± 3.3b,c 74.5 ± 41.7c,d 100.0 ± 0.0d
CG  49 0.0 ± 0.0a 2.8 ± 1.5a,b 32.5 ± 15.6b,c 75.6 ± 19.4c 51.3 ± 31.3c
CG  87 0.0 ± 0.0a 2.4 ±  1.7a 5.0 ±  0.0a,b 70.0 ±  39.3b,c 91.1 ±  24.7c
CG  112 0.0 ± 0.0a 1.3 ±  0.5a,b 5.8 ±  2.8b,c 18.1 ±  7.5c,d 44.4 ± 22.6d
IBCB  116 0.0 ±  0.0a 2.9 ± 1.4a,b 6.4 ± 4.1b,c 18.1 ± 7.5c 27.4 ± 38.9c
CG  148 0.0 ± 0.0a 1.6 ± 1.5a,b 13.4 ± 12.8b,c 48.8 ± 26.4c,d 60.0 ± 36.2d
CG  153 0.0 ± 0.0a 1.5 ± 1.1a,b 15.3 ± 26.3b,c 63.8 ± 34.2c 65.6 ± 44.8c
CG  156 0.0 ± 0.0a 3.0 ± 2.1b 5.1 ± 6.7b 51.3 ± 18.9c 86.4 ± 13.9c
IBCB  167 0.0 ± 0.0a 0.9 ± 0.6a,b 4.9 ± 2.3b,c 66.9 ± 22.8d 17.3 ± 14.9c,d
CG  191 0.0 ± 0.0a 4.6 ± 4.4b 5.0 ± 2.2b 94.4 ± 6.0c 35.3 ± 43.4b,c
CG  312 0.0 ± 0.0a 2.3 ± 3.3a,b 3.9 ± 2.9b,c 11.3 ± 9.2c,d 50.6 ± 40.4d
CG  344 0.0 ± 0.0a 3.1 ±  1.1a,b 8.6 ±  7.0b,c 98.9 ±  0.8d 14.3 ±  13.3c,d
CG  347 0.0 ± 0.0a 1.9 ± 1.4a 3.9 ± 1.6a 83.8 ± 10.3b 41.3 ± 21.0a,b
IBCB  353 0.0 ± 0.0a 3.5 ± 0.8b 3.4 ± 1.1 b 75.1 ± 22.0c 87.3 ± 17.3c
CG  371 0.0 ± 0.0a 6.5 ± 3.1b 6.9 ± 2.6b 82.1 ± 23.3c 65.6 ± 39.4c
IBCB  383 0.0 ± 0.0a 2.1 ± 1.4a 30.3 ± 20.3a,b 75.0 ± 19.3b 16.3 ± 9.2a
CG  384b 0.0 ± 0.0a 3.3 ± 1.6a,b 13.0 ± 7.2b,c 88.9 ± 29.9c,d 99.1 ± 1.8d
IBCB  410 0.0 ± 0.0a 3.0 ± 1.5a,b 3.9 ± 1.0b,c 16.6 ± 9.4c,d 55.6 ± 39.8d
CG  420 0.0 ± 0.0a 2.5 ±  1.1a,b 16.4 ±  33.1b,c 39.8 ± 38.9c 28.3 ± 43.7c
IBCB  481b 0.0 ± 0.0a 4.0 ± 3.0a,b 10.9 ± 12.1b,c 86.0 ± 27.2c,d 100.0 ± 0.0d
CG  489 0.0 ± 0.0a 6.1 ± 8.6b 21.3 ± 12.2c,d 33.1 ± 19.8d 6.5 ± 7.6b,c
CG  578 0.0 ± 0.0a 6.6 ± 2.8a,b 11.0 ± 5.6b 60.0 ± 23.9c 80.8 ± 25.1c
CG  579 0.0 ± 0.0a 3.0 ± 3.1a,b 6.3 ± 3.2b,c 90.8 ± 9.4c,d 98.5 ± 3.5d
CG  580 0.0 ± 0.0a 2.8 ± 1.0a,b 12.5 ± 8.7b 56.9 ± 8.8c 12.5 ± 6.5b
CG  626 0.0 ± 0.0a 2.9 ± 3.2a,b 10.0 ± 4.6b,c 70.6 ± 14.0c,d 86.8 ± 23.7d
CG  627 0.0 ± 0.0a 1.3 ± 0.7a,b 2.3 ± 1.4b 28.1 ± 27.1c 63.1 ± 22.8c
CG  628 0.0 ± 0.0a 1.4 ± 1.7a,b 1.9 ± 1.2b,c 5.5 ± 4.6c 5.8 ± 3.1c
CG629 0.0 ± 0.0a 2.0 ± 1.4a,b 6.3 ± 4.2b,c 32.5 ± 26.7d 42.3 ± 42.5c,d
a The bioassay was conducted under controlled conditions (27 ◦C ± 1 ◦C and RH ≥ 80%) twice, using new conidial preparations each time. Means with the
–Wallis
gents ofsame  letter in the same row do not differ signiﬁcantly at P > 0.05 (Kruskal
b Highlighted isolates are promising candidates for biological control a
2.6. Experimental design
The  bioassay consisted of four treatment groups
(1.2 × 108, 107, 106 and 105 conidia ml−1) for each isolate
tested. A Tween 80® solution (0.1%, v/v) was used to treat
the  control groups. Each group had 8 test tubes containing
R.  (B.) microplus larvae.
2.7.  Bioassays
Experiments were conducted by the injection of 1 ml  of
conidial  suspension into the test tube using a hypodermic
syringe with the needle inserted between the cotton plug
and  wall of the glass tube. The larvae were held immersed
for 3 min, and the test tube was then inverted until all of the
conidial  suspension had been absorbed by the cotton plug.
The  same methodology was used for the control group. The
tubes  were labeled according to the treatment. The tubes
were  maintained at 27 ± 1 ◦C and at an RH ≥ 80% in the
dark. Larval mortality was  recorded at 5-day intervals for
30  days. The percentage of larval mortality for each tube
was  visually estimated through microscopic observation,
with the estimates expressed as percentages varying from
0  to 100% in 1% intervals. The methodology followed that
of  Fernandes et al. (2011). test followed by SNK test).
 R.(B.) microplus.
2.8.  Re-isolation of Metarhizium anisopliae s.l. isolates
Dead larvae from all treatment groups were placed on
Petri  plates with PDA for 14 days and incubated at 25 ± 1 ◦C
and  at an RH ≥ 80% to allow fungal growth and conidio-
genesis. The macro- and micromorphology of the fungal
colonies were examined according to Samson (1974) to
identify  fungal characteristics that could conﬁrm that the
larvae  infection had been caused by M. anisopliae (s.l.)-
tested isolates.
2.9.  Statistical analysis
The  mean mortalities of the larvae were compared
using the non-parametric Kruskal–Wallis test for statisti-
cal  differences. The comparison between the means was
performed using the Student-Newman–Keuls (SNK) test
(Ayres  et al., 2005). Data analyses were conducted using
BioEstat software, version 4.0. P-values less than 0.05 were
considered to be signiﬁcant (Sampaio, 2002). Virulence
among the fungal isolates was  compared by calculating the
median  lethal concentrations (LC50 and LC90) using probit
analysis (Finney, 1971), which was  conducted using Probit
or  Logit Analysis software, POLO-PC (LeOra Software, 1987,
Berkeley, CA, USA).
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.10. Production of conidia
Dry  conidia of the 30 fungal isolates were inoculated by
preading with a microbiological loop on 20 ml  PDA in Petri
lates  (95 ×15 mm).  The isolates were cultured at 25 ± 1 ◦C
nd  at an RH ≥ 80% in the dark for 14 days. Each culture
as randomly punched (cut) 3 times with a 5-mm diam-
ter  cork borer, and the plugs of the medium and fungus
ere transferred to a 15-ml centrifuge tube containing 1 ml
f  Tween 80 solution (0.1%, v/v). The tubes were vortexed
or  30 s, and the conidial concentrations were quantiﬁed
sing a hemocytometer to estimate the number of conidia
roduced on 0.589 cm2 of the PDA surface. The methodol-
gy followed that of Fernandes et al. (2011). The test was
epeated at least twice on different days with new batches
f  conidia each day.
.  Results
.1. Conidial viability
Conidia  of the 30 studied M.  anisopliae s.l. isolates
ere suitable for use in the bioassay, with a germination
ercentage of 100% after 24 h of incubation at 25 ◦C ± 1 ◦C
nd  at an RH ≥ 80%.
.2. Virulence of fungal isolates to Rhipicephalus
Boophilus) microplus larvae
Larval  mortality was assessed at 5-day intervals after
reatment for 30 days. The larvae from the control group
emained alive. More interesting results were obtained on
ays  10, 20 and 30 after treatment (Tables 2–4); overall, the
igher  the concentrations of conidia that the larvae were
xposed to, the higher the larval mortality. However, no
elationship was found between the origin of the isolates
nd  their virulence potential in this study.
Until the 10th day after treatment, the average per-
entage of mortality was low, at less than 10%, in all
reatment groups, and it was proportional to the conidia
oncentration (Table 2). However, the isolates IBCB 167,
G  489, CG 627, CG 628 and CG 629 yielded no differences
etween the percentage of larval mortality and conidia
reatment concentration (P > 0.05), whereas the isolates CG
12,  CG 344, CG 371 and IBCB 383 yielded a higher per-
entage of larval mortality (P < 0.05) with a concentration
f 107 conidia ml−1. In general, on the 20th day, the aver-
ge percentage of larval mortality was proportional to the
oncentration of conidia used in the treatments; the aver-
ge  larval mortality percentage at 108 conidia ml−1 ranged
rom 5.8% to 100%. On the 10th day, some isolates (IBCB 383,
G  489 and CG 580) yielded better results (P < 0.05) with the
oncentrations of 106 and/or 107 conidia ml−1. By the 30th
ay  after treatment, the average percentage of larval mor-
ality  ranged between 37.9% and 100% at 108 conidia ml−1
nd increased in accordance with increasing conidia con-
entrations, with the highest larval mortality occurring at
he  highest conidia concentration.
The lethal concentrations LC50 and LC90 at the 30th day
fter treatment were assessed (Table 5). Most of the isolates
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CG  344, CG 489, CG 578, CG 580, CG 32, CG 148, CG 153, CG
191,  CG 371, CG 579, IBCB 116, CG 347, IBCB 383, CG 626
and  CG 629) caused the death of half of the larval popula-
tion with a concentration of 107 conidia ml−1. The isolates
CG 37, CG 384 and IBCB 481 caused a high percentage
of larval mortality, reaching the LC50 at 106 conidia ml−1,
thereby requiring a lower concentration of conidia to cause
an  average percentage of larval mortality of nearly 100%;
accordingly, these fungi were considered the most virulent
among the isolates of M.  anisopliae s.l. investigated in this
study.  The isolates CG 112, CG 312, IBCB 410, CG 627 and
CG  628 yielded the worst results, requiring high concentra-
tions of conidia to cause larval death. This is especially the
case  for the CG 628 isolate, which required 109 conidia ml−1
to cause death in half of the R. (B.) microplus larval popula-
tion.
3.3.  Re-isolation of fungal isolates
R. microplus larvae from the control or treated groups
were incubated at high humidity to enable the devel-
opment of fungal colonies. The fungus morphology was
characterized according to Samson (1974). All fungal
isolates presented the key morphological features consis-
tent  with their published species descriptions, demonstrat-
ing  that the fungi were able to penetrate and develop on
the  tick larvae. The R. (B.) microplus larvae from the control
group  did not exhibit fungal growth.
3.4. Production of conidia
The  production of conidia was  evaluated in a 0.589-cm2
area of PDA medium. The 30 isolates presented high vari-
ability  in conidial production: ﬁve (CG 49, IBCB 167, IBCB
353,  IBCB 410 and CG 420) had a lower potential for coni-
dial  production, producing less than 5000 × 104 conidia;
ten (CG 46, CG 87, CG 112, IBCB 156, CG 344, CG 384,
CG 489, CG 578, CG 580 and CG 627) yielded a moder-
ate production, with an average production from 5000 to
10,000  × 104 conidia; another ten (CG 32, CG 37, CG 148,
CG  153, CG 191, CG 312, CG 371, IBCB 481, CG 579 and
CG  628) presented high conidial production, producing
from 10,000 to 15,000 × 104 conidia; and the remaining ﬁve
(IBCB  116, CG 347, IBCB 383, CG 626 and CG 629) were
the  best producers, with an average production rate higher
than  15,000 × 104 conidia (Fig. 1).
4. Discussion
Entomopathogenic fungi are considered a promising
alternative to control ticks (Fernandes and Bittencourt,
2008; Angelo et al., 2010; Perinotto et al., 2012). The main
advantages of using entomopathogenic fungi to control
pests  include the possibility of identifying isolates more
speciﬁc to the target host due to the large fungal biodi-
versity; the mechanism of penetration, which begins with
conidia  adherence and not just through the tick’s natu-
ral  oriﬁces; and the environmental safety of this method
(Alves, 1998; Bittencourt et al., 1999; Zimmermann, 2007b;
Schrank  and Vainstein, 2010).
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Table 4
Mean  mortality of Rhipicephalus (Boophilus) microplus larvae treated with Metarhizium anisopliae s.l. isolates at day 30 after treatment.a
Isolates Control Conidia concentration (ml−1)
105 106 107 108
CG 32 0.0 ± 0.0a 9.4 ± 9.7a,b 38.6 ± 38.0b,c 80.6 ± 28.0c,d 100.0 ± 0.0d
CG  37 0.0 ± 0.0a 29.1 ± 32.2a,b 78.8 ± 29.5b,c 96.3 ± 6.9c 97.9 ± 5.2c
CG  46 0.0 ± 0.0a 9.5 ± 5.9a,b 16.3 ± 10.6b 85.0 ± 28.3c 100.0 ± 0.0c
CG  49 0.0 ± 0.0a 9.8 ± 5.7a,b 51.3 ± 15.5b,c 84.9 ± 15.0c,d 96.6 ± 8.7d
CG  87 0.0 ± 0.0a 10.6 ±  5.6a,b 25.6 ±  9.4b,c 82.5 ±  32.4c,d 100.0 ±  0.0d
CG  112 0.0 ± 0.0a 5.0 ±  4.2a,b 16.9 ±  10.0b,c 35.6 ±  11.8c,d 67.9 ± 26.8d
IBCB  116 0.0 ±  0.0a 5.8 ± 3.8a,b 11.9 ± 8.4a,b 36.9 ± 14.4b 55.0 ± 39.3b
CG  148 0.0 ± 0.0a 10.5 ± 8.3a,b 35.0 ± 24.1b,c 69.1 ± 26.2c,d 100.0 ± 0.0d
CG  153 0.0 ± 0.0a 6.1 ± 4.4a,b 26.3 ± 13.0b 88.8 ± 18.1b,c 99.9 ± 0.4c
CG  156 0.0 ± 0.0a 6.1 ± 4.4b 14.4 ± 11.2b,c 69.4 ± 19.7c,d 95.5 ± 4.0d
IBCB  167 0.0 ± 0.0a 5.1 ± 2.2a,b 13.8 ± 3.5b,c 73.8 ± 22.2c,d 91.3 ± 13.5d
CG  191 0.0 ± 0.0a 14.4 ± 10.5a,b 28.8 ± 15.3b,c 88.1 ± 10.0c,d 97.5 ± 2.7d
CG  312 0.0 ± 0.0a 5.8 ± 5.9a,b 11.0 ± 5.6b,c 43.8 ± 20.1c,d 74.4 ± 28.6d
CG  344 0.0 ± 0.0a 11.3 ±  6.4a,b 21.9 ±  9.6b,c 87.0 ±  14.7c,d 99.9 ±  0.4d
CG  347 0.0 ± 0.0a 11.9 ± 4.6a,b 37.5 ± 12.5b,c 98.5 ± 1.7c,d 99.8 ± 0.7d
IBCB  353 0.0 ± 0.0a 10.6 ± 12.4a,b 20.6 ± 19.9b 92.9 ± 5.6c 97.3 ± 4.5d
CG  371 0.0 ± 0.0a 26.9 ± 10.7b 22.5 ± 12.0a,b 93.5 ± 11.7c 96.3 ± 7.4c
IBCB  383 0.0 ± 0.0a 15.0 ± 10.7a,b 42.5 ± 17.5b 61.3 ± 28.0b,c 95.9 ± 4.1c
CG  384 0.0 ± 0.0a 31.3 ± 13.0a,b 34.4 ± 10.8b 100.0 ± 0.0c 100.0 ± 0.0c
IBCB  410 0.0 ± 0.0a 13.1 ± 9.8a,b 16.9 ± 5.7b,c 41.9 ± 11.0c,d 79.3 ± 35.9d
CG  420 0.0 ± 0.0a 21.9 ±  24.0a,b 54.9 ±  38.5b,c 72.5 ± 27.1c 81.9 ± 20.7c
IBCB  481 0.0 ± 0.0a 24.4 ± 18.6a,b 45.0 ± 21.2b 99.3 ± 0.7c 100.0 ± 0.0c
CG  489 0.0 ± 0.0a 14.4 ± 11.8a,b 32.5 ± 8.9b,c 55.6 ± 27.4c 73.1 ± 31.8c
CG  578 0.0 ± 0.0a 16.3 ± 7.9a,b 33.1 ± 16.2b 88.8 ± 5.8c 94.4 ± 7.9c
CG  579 0.0 ± 0.0a 8.4 ± 7.6a,b 15.6 ± 8.6b 99.4 ± 0.9c 100.0 ± 0.0c
CG  580 0.0 ± 0.0a 8.1 ± 3.7a,b 26.3 ± 13.0b,c 66.9 ± 13.6c,d 88.4 ± 25.7d
CG  626 0.0 ± 0.0a 8.3 ± 4.3a,b 23.1 ± 16.9b,c 76.3 ± 15.8c,d 97.4 ± 7.0d
CG  627 0.0 ± 0.0a 4.4 ± 1.2a,b 10.0 ± 6.5b,c 41.6 ± 31.7c,d 87.4 ± 16.6d
CG  628 0.0 ± 0.0a 1.4 ± 1.7a 2.9 ± 2.9a,b 10.6 ± 5.0b,c 37.9 ± 25.4c
23.1
ach timCG629 0.0 ± 0.0a 6.5 ± 3.0a,b 
a The bioassay was  conducted twice, using new conidial preparations e
at  P > 0.05 (Kruskal–Wallis test followed by SNK test).
Conidia viability is extremely important in the host
infection process because it enables success at the begin-
ning  of the early stages of fungal penetration of the tick’s
cuticle, characterized by conidial germination and the for-
mation  of a germ tube (Bittencourt et al., 1999; Schrank and
Vainstein,  2010). In the present study, the conidia viability
of  the 30 M.  anisopliae s.l. isolates was 100%, which ensured
the  quality of conidia present in the fungal suspensions
used to treat R. (B.) microplus larvae. The re-isolation of fun-
gal  isolates after larval treatment conﬁrmed the infection
capacity of the studied isolates.
Studies worldwide have demonstrated the elevated vir-
ulence  of M.  anisopliae s.l. to ticks in various developmental
stages (Ángel-Sahagún et al., 2010; Kaaya et al., 2011; Sun
et  al., 2011), suggesting that this complex fungal species
is  a potential alternative as a biocontrol agent for ticks,
especially in Brazil, where both the fungus and host coexist
in  the same microenvironment. The present study allowed
the  selection of more virulent Brazilian M.  anisopliae s.l. iso-
lates  for R. (B.) microplus larvae under in vitro conditions.
Accordingly, the current study will facilitate the assess-
ment of isolates to be used in formulations for integrated
pest management. The formulation in which the conidia
are  applied is extremely important for achieving efﬁcient
results to maintain the viability, virulence and effective-
ness of entomopathogenic fungi in the ﬁeld; supporting
a better conidia adherence on the arthropod cuticle;
and providing protection against adverse environmental ± 11.9b,c 55.4 ± 22.4c 74.4 ± 32.3c
e. Means with the same letter in the same row do not differ signiﬁcantly
conditions, such as UV radiation, high temperatures and
low  humidity (Polar et al., 2008; Kaaya et al., 2011). Addi-
tionally, the formulation should extend the useful life of the
fungi  and prolong the persistence of the pathogen in the
ﬁeld  (Kaaya and Hassan, 2000; Samish et al., 2004; Angelo
et  al., 2010; Camargo et al., 2012).
Previous studies have shown a high mortality of R. (B.)
microplus larvae ten days after treatment with M. anisopliae
s.l.  or B. bassiana s.l. (Bittencourt et al., 1994, 1996; Paião
et  al., 2001; Fernandes et al., 2003; Leemon and Jonsson,
2008; Barci et al., 2009; Posadas and Lecuona, 2009). How-
ever,  the M. anisopliae s.l. isolates evaluated in the present
study caused a low percentage of larval mortality (less than
10%)  during the same period. According to Perinotto et al.
(2012)  and Fernandes et al. (2011), the variation in the
virulence of M. anisopliae s.l. isolates should be attributed
to  the differences in the susceptibility of the tick popula-
tions and the genetic factors. These authors showed that
the  differences in the susceptibility of tick populations, in
addition  to differences in the physiological, genetic and
environmental conditions, affect the fungal virulence; the
causes  of these variations in the susceptibility of the differ-
ent  host–tick populations is not known, but these reports
emphasize the importance of considering the tick popula-
tion’s  susceptibility to evaluate the virulence potential of
the  entomopathogenic fungi.
The relationship between the origin and virulence
potential of the isolates did not exhibit any pattern in
562 S. Quinelato et al. / Veterinary Parasitology 190 (2012) 556– 565
Table  5
Mean lethal concentration (LC50 and LC90) of Metarhizium anisopliae s.l. isolates on Rhipicephalus (B.) microplus larvae at day 30 after treatment.a
Isolates LC (conidia ml−1) Conﬁdence Interval (conidia ml−1) P values
CG 32 CL50 = 1.580 × 107 7.959 × 106 to 3.137 × 107 P ≤ 0.01
CL90 = 1.876 × 108 6.406 × 107 to 6.540 × 108
CG 37 CL50 = 2.255 × 106 1.043 × 106 to 6.273 × 106 P ≤ 0.01
CL90 = 4.520 ×107 1.361 ×107 to 1.823 ×108
CG 46 CL50 = 2.274 ×107 1.203 ×107 to 4.299 × 107 P ≤ 0.01
CL90 = 2.022 × 108 7.520 × 107 to 6.381 × 108
CG 49 CL50 = 1.184 × 107 5.641 × 106 to 2.486 × 107 P ≤ 0.01
CL90 = 1.873 × 108 5.844 × 107 to 7.255 × 108
CG 87 CL50 = 1.923 × 107 9.848 × 106 to 3.758 × 107 P ≤ 0.01
CL90 = 2.094 × 108 7.337 × 107 to 7.087 × 108
CG 112 CL50 = 2.559 × 108 7.835 × 107 to 8.360 × 108 P ≤ 0.01
CL90 = 1.745 ×1010 1.184 ×109 to 3.974 ×1011
IBCB 116 CL50 = 5.361 ×108 1.107 ×108 to 2.595 × 109 P ≤ 0.05
CL90 = 7.264 × 1010 1.708 × 109 to 5.667 × 1012
CG 148 CL50 = 2.144 × 107 1.030 × 107 to 4.465 × 107 P ≤ 0.05
CL90 = 3.467 × 108 1.055 × 108 to 1.380 × 109
CG 153 CL50 = 1.858 × 107 1.012 × 107 to 3.411 × 107 P = 0
CL90 = 1.366 ×108 5.360 ×107 to 4.052 ×108
CG 156 CL50 = 4.303 × 107 2.163 × 107 to 8.560 × 107 P ≤ 0.05
CL90 = 5.279 × 108 1.725 × 108 to 1.936 × 109
IBCB 167 CL50 = 4.631 × 107 2.291 × 107 to 9.359 × 107 P = 0
CL90 = 6.252 × 108 1.954 × 108 to 2.414 × 109
CG 191 CL50 = 1.609 × 107 7.218 × 106 to 3.587 × 107 P = 0
CL90 = 3.735 ×108 9.972 ×107 to 1.733 × 109
CG 312 CL50 = 1.702 × 108 6.439 × 107 to 4.503 × 108 P ≤ 0.05
CL90 = 6.443 × 109 8.308 × 108 to 6.962 × 1010
CG 344 CL50 = 2.029 × 107 9.480 × 106 to 4.345 × 107 P = 0
CL90 = 3.852 × 108 1.103 × 108 to 1.646 × 109
CG 347 CL50 = 1.294 × 107 7.750 × 106 to 2.163 × 107 P = 0
CL90 = 5.403 ×107 2.434 ×107 to 1.364 × 108
IBCB 353 CL50 = 1.840 × 107 9.520 × 106 to 3.559 × 107 P = 0
CL90 = 1.876 × 108 6.709 × 107 to 6.199 × 108
CG 371 CL50 = 1.140 × 107 5.059 × 106 to 2.572 × 107 P = 0
CL90 = 2.624 × 108 7.157 × 107 to 1.187 × 109
IBCB 383 CL50 = 2.098 × 107 5.807 × 106 to 7.581 × 107 P ≤ 0.05
CL90 = 6.321 × 109 2.962 × 108 to 2.214 × 1011
CG 384 CL50 = 6.056 × 106 2.859 × 106 to 1.282 × 107 P = 0
CL90 = 8.618 × 107 2.776 × 107 to 3.213 × 108
IBCB 410 CL50 = 1.202 × 108 4.019 × 107 to 3.598 × 108 P ≤ 0.05
CL90 = 9.482 × 109 7.775 × 108 to 1.133 × 1011
CG 420 CL50 = 1.223 × 107 3.505 × 106 to 4.269 × 107 P ≤ 0.05
CL90 = 2.453 × 109 1.893 × 108 to 4.815 × 1010
IBCB 481 CL50 = 5.861 × 106 2.941 × 106 to 1.168 × 107 P = 0
CL90 = 6.190 × 107 2.162 × 107 to 2.100 × 108
CG 489 CL50 = 6.769 × 107 1.996 × 107 to 2.295 × 108 P ≤ 0.01
CL90 = 1.303 × 1010 6.038 × 108 to 4.627 × 1011
CG 578 CL50 = 1.440 × 107 6.557 × 106 to 3.164 × 107 P ≤ 0.05
CL90 = 3.024 × 108 8.462 × 107 to 1.328 × 109
CG 579 CL50 = 1.624 × 107 9.277 × 106 to 2.846 × 107 P = 0
CL90 = 8.945 × 107 3.792 × 107 to 2.424 × 108
CG 580 CL50 = 5.769 × 107 1.986 × 107 to 2.259 × 108 P ≤ 0.01
CL90 = 1.230 × 1010 5.038 × 108 to 4.726 × 1011
CG 626 CL50 = 2.717 × 107 1.356 × 107 to 5.445 × 107 P ≤ 0.05
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Table 5 (Continued)
Isolates LC (conidia ml−1) Conﬁdence Interval (conidia ml−1) P values
CL90 = 3.506 × 108 1.150 × 108 to 3.705 × 109
CG 627 CL50 = 1.191 × 108 2.518 × 107 to 2.571 × 108 P ≤ 0.05
CL90 = 2.031 × 109 4.920 × 108 to 1.055 × 1010
CG 628 CL50 = 3.329 × 109 3.654 × 108 to 2.872 × 1010 P ≤ 0.05
CL90 = 1.854 × 1011 1.942 × 109 to 3.705 × 1013
CG 629 CL50 = 9.554 ×107 3.506 ×107 to 2.603 ×108 P ≤ 0.01
CL90 = 5.478 × 109 6.257 × 108 to 6.816 × 1010
a The bioassay was  conducted twice, using new conidial preparations each time. Median lethal concentrations (LC50 and LC90) was calculated using
Probit  analysis generated by Probit or Logit Analysis, POLO-PC (LeOra Software, 1987, Berkeley, CA, USA).
Fig. 1. Metarhizium anisopliae s.l. conidia production in a 0.589-cm2 area of potato dextrose agar medium. The fungi were incubated in the dark at
25  ± 1 ◦C and ≥80% relative humidity for 14 days. Isolates were divided into four groups: low (less than 5000 × 104 conidia), moderate (from 5000 to
e best (10,000  × 104 conidia), high (from 10,000 to 15,000 × 104 conidia) and th
errors of two  bioassays.
the present study, e.g., isolates from the same geographic
region yielded different percentages of larvae mortality.
Vestergaard et al. (1995) also reported that the virulence
of  M.  anisopliae to Frankliniella ocidentaallis was not related
to  the origin of the isolates, suggesting that the variations
in the mortality rates were related to the genetic variabil-
ity  of each fungal isolate. Fernandes et al. (2011) showed
that  isolates of B. bassiana, which have a broad host range,
did  not have virulence potential on R. (B.) microplus lar-
vae  that were related to their host/substrate. This was true
even  for isolates that were isolated from ticks. The conidiagreater than 15,000 × 104 conidia) producers. The bars are the standard
production was also evaluated in the current study, and
there was  no pattern between the virulence potential and
conidia  production of the isolates. Although the isolates
IBCB 481 and CG 37 were among the higher conidial pro-
ducers  and the most virulent, the isolate CG 628 was the
least  virulent but also yielded a high degree of conidia
production. Despite the absence of a pattern between the
virulence potential and conidia production, analyzing this
production is extremely important because the promising
use  of entomopathogenic fungi depends on, among other
characteristics, effective conidia production.
5 ry Parasi
a
v
p
(
m
m
t
T
f
t
w
T
g
e
A
C
(
R
t
c
r
R
A
A
Á
A
A
B
B
B
B
B64 S. Quinelato et al. / Veterina
The current study conﬁrmed the lethal action of M.
nisopliae s.l. Brazilian isolates on R. (B.) microplus lar-
ae,  with high mortality levels that were usually directly
roportional to the conidia concentration. Three isolates
Table 3) presented the best results, with average larval
ortality percentages of 100% by the 20th day after treat-
ent,  and they should be considered the ideal isolates
o  be used in formulations for ﬁeld studies. According to
igano-Milani et al. (1995), in vitro bioassays are extremely
undamental to understanding the parameters involved in
he  effectiveness and persistence of pathogens in the ﬁeld,
ith  the aim of introducing them into the environment.
hus, to achieve better results with R. (B.) microplus inte-
rated  control programs that use microbial control, the
arly  selection of virulent isolates is necessary.
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